Spotted Sandpipers (Actitis macularia) appear to be an exception, because prolactin levels did not decline in the first two days after hatch (Oring et al. 1986a ). In addition, prolactin levels in Wilson's Phalaropes (Phalaropus tricolor) declined gradually and reached basal levels by nine days posthatch (Oring et al. 1988 ). These authors suggested that the gradual decrease is related to the decline in brooding behavior with age of chicks, as found in other shorebirds.
In view of the proposed relationship between prolactin levels and brood-care behavior, particularly in shorebirds, a second objective of this study was to examine hormonal control of brood 3. Lay (lay)--birds captured during the laying period, before the dutch was complete. 4. Early incubation (e Jnc)--birds captured early in the incubation period, normally day 1 (day last egg was laid) to day 4. For female phalaropes, this refers to the time most male phalaropes in the population were in early incubation. Female Rednecked Phalaropes immediately deserted their mates after egg laying and attempted to obtain subsequent mates. Therefore, behavior of "early incubation" females was identical to that of prelay females. These data were collected to determine if changes in steroid levels of female phalaropes were significant differences (P < 0.05), we used the GT2 test for multiple comparisons and unequal sample sizes to determine specific significant differences between status groups: for example, prelay vs. early incubation (SAS Institute Inc. 1982). Unless otherwise stated, any differences noted were significant at P < 0.05. Because samples from 1985 and those from 1986-1987 were assayed separately, it is not possible to compare actual hormone levels between years, just patterns of change. We combined data from different years only when we examined changes in individuals during a single season (or differences between members of a pair) when there were no significant differences among years (ANOVA, P > 0.05).
RESULTS

PROLACTIN AND INCUBATION
Semipalmated Sandpipers.--Prolactin levels were low in both sexes during spring, prelay, and lay. Levels increased significantly during early incubation, and did not change significantly until they declined at autumn migration (Fig. 3, Table 1 ).
When all preincubation values (spring, prelay, and lay) were combined within a year, there was never a significant difference between prolactin values of males and females (Table 2 ). There also were no significant differences between the sexes during incubation or brooding.
The difference in prolactin levels between members of a pair was compared when both birds were captured during incubation, no more than four days apart. Again, there was no significant difference between the sexes (paired t-test, all years combined, n = 26, mean (_SE) female-male = 11 + 8 ng/ml, P = 0.17).
We captured a number of birds several times during a single breeding season. Prolactin levels increased in all seven instances where birds were caught first during prelay and later during incubation or brooding. This increase was significant (paired t-test, all years and sexes combined, n = 7, 2? = 95 + 28 ng/ml, P = 0.02). In the 12 instances where birds were caught first in early incubation and subsequently in late Red-necked Phalaropes.--We found no significant differences between prelay and "early incubation" prolactin levels (Fig. 4, Table 3 ) for female Red-necked Phalaropes. In phalarope males, few differences between status groups were significant (Fig. 4, Table 3 ). Levels appeared to increase between prelay and early incubation in 1985 and 1987 (only significant in 1987), but not in 1986. Prolactin levels at prelay were always less than those at late incubation or brooding, although the differences were not always significant. In 1985 and 1987, there were no significant differences in prolactin levels between females and preincubation males (Table 4 ). In 1986, preincubation males had significantly higher values than females. Incubating males in all three years had significantly higher prolactin values than those of females (when the one extremely high value for 1985 "lay" females was excluded). Incubating males also had significantly higher values than preincubating males in all years except 1986, when prolactin levels did not increase in males until late incubation.
Two female phalaropes were captured during prelaying and "early incubation" in one season, and prolactin levels in each changed only -2 ng/ml. Prolactin levels in 7 of 8 male phalaropes increased between preincubation and incubation or brooding, but the difference was not significant (paired t-test, all years combined, •7 = 39 ñ 19 ng/ml, P = 0.08). The mean difference for males between early incubation and late incubation was 79 + 44 ng/ml, which also was not significant (paired t-test, all years combined, n = 7, P = 0.12). In these 7 birds, levels increased in 6 and decreased in 1. There was no significant change in males captured first during incubation and later during brooding (paired t-test, all years combined, n = 7, •7 = -3 + 23 ng/ml, P = 0.89). Levels increased in 3 birds and decreased in 4.
T^BLE 2. Comparison of circulating prolactin levels
between sexes in the Semipalmated Sandpiper at different times in the breeding season. "Preincubation" refers to all spring, prelay, and lay birds. There were no significant correlations between prolactin and brood age for male Semipalmated Sandpipers (Fig. 6) . As noted previously, there was no significant difference between male and female prolactin levels during brooding in any year (Table 2 ). There also was no significant difference between members of the same pair caught with the brood on the Even though the 1986 "early incubation" phalaropes had low prolactin levels and reduced incubation, they were sufficiently tenacious to enter a nest trap. This supports the idea that once a bird is "primed" by high gonadal steroids and eggs are present, high plasma levels of prolactin are not necessary for at least short periods of incubation. The presence of eggs, and the act of incubation itself, may result eventually in elevated prolactin levels (e.g.
Goldsmith 1983, Lea 1987).
The extent of male Red-necked Phalarope incubation is variable and depends upon weather conditions. Therefore, it may be expected that their overall patterns of circulating prolactin levels changed from year to year. Even within a year, the period of incubation varied from 18 to 24 days in this species (e.g. 1985, n = 14, oe _+ SD = 20.3 _+ 1.9 days). Semipalmated Sandpipers with biparental care, on the other hand, incubate constantly, and the length of the in- Although diurnal brooding behavior also generally decreased during the first week posthatch in Semipalmated Sandpipers, we found no evidence in either sex of a decline in plasma prolactin with increasing brood age. This should have been particularly evident in females, because they gradually separate themselves from the chicks much earlier than males (Ashkenazie and Safriel 1979a, b; Gratto and Cooke 1987). In fact, prolactin levels increased significantly in one year. We cannot explain this result, and reasons for the overall lack of decline in prolactin after hatch are not obvious. All previous studies on birds that attend young report either an immediate precipitous decline or a gradual decrease in prolactin (for review, see Goldsmith 1983). Perhaps these high prolactin levels posthatch are related to molt and migratory fattening (e.g. Dawson and Goldsmith 1983, 1984) . Both sexes of Semipalmated Sandpipers initiated body molt during incubation, and began premigratory fattening soon after leaving the brood. Red-necked Phalaropes, on the other hand, did not initiate molt during incubation or brooding.
Meier proposed that the timing of seasonal conditions in birds is based upon changing temporal relations among hormones, including prolactin (for review, see Meier and Russo 1985).
Although we found no evidence for circadian rhythm of prolactin secretion, our sampling regime was not designed to maximize detection of daily changes. Therefore, it is possible that a phase shift in the timing of prolactin release is the basis for prolactin's role in both incubation and photorefractoriness.
The patterns of circulating prolactin levels in Semipalmated Sandpipers and Red-necked Phalaropes breeding in the subarctic indicate that high prolactin levels are correlated with persistent incubation behavior. This is made evident by the fact that there was no difference in prolactin levels between the equal incubating sexes of the Semipalmated Sandpiper, and by the fact that incubating male Red-necked Phalaropes had greater prolactin values than the nonincubating females. The apparent effect of poor weather conditions on plasma prolactin levels in male phalaropes emphasizes the difference in incubation constancy between these two species. However, changes in prolactin levels did not explain the early brood desertion of female Semipalmated Sandpipers. Although we cannot explain why plasma prolactin levels do not decline during brooding in Semipalmated Sandpipers (and is not pronounced in Rednecked Phalaropes), this phenomenon appears unique among avian species examined.
